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1. 

HIGH DENSITY SINGLE-TRANSISTOR 
ANTIFUSE MEMORY CELL 

BACKGROUND OF THE INVENTION 

Non-volatile memory (NVM) allows an electronic device 
to retain information when power is removed from the 
device. The most common examples of NVM are: magnetic 
storage devices. Such as hard disc drives which store data in 
the form of different patterns of magnetization; hard-wired 
read-only memory (ROM). Such as circuit configurations 
that store information based on their physical configuration; 
and one time programmable (OTP) memory, which stores 
information in the form of an altered physical characteristic 
of a memory cell. OTP memory is sometimes considered a 
subset of ROM in that once it is programmed, it can only be 
read, and cannot be rewritten. OTP memories can include 
fuse or antifuse memory cells. 

Fuse and antifuse OTP memory cells are distinguishable 
in terms of how the physical state of the memory cell 
changes when the cell is programmed. Fuse memory ini 
tially presents a low resistance path and is programmed by 
permanently breaking that low resistance path. An example 
of a fuse memory is a thin strip of metallization between two 
circuit nodes that is programmed by exposing the Strip to a 
laser that severs the conductive path between those two 
nodes. Antifuse memory cells start with a high resistance 
state between two circuit nodes, and are programmed by 
permanently creating a low resistance circuit branch 
between the nodes. An example of an antifuse memory cell 
is a capacitor between two circuit nodes that can be blown 
through the application of a programming Voltage. 
Memory array 100 in FIG. 1 illustrates a set of OTP 

memory cells 101. Each memory cell 101 includes a capaci 
tor 102 and a diode 103. Memory array 100 includes three 
word lines: WL1, WL2, and WL3. The word lines are 
connected to a number of capacitor plates set by the number 
of word lines. Since memory array 100 includes three bit 
lines: BL1, BL2, and BL3, each word line is connected to 
three capacitor plates. Capacitor 102 is the antifuse element 
of memory cell 101. Conductive path 104 represents a 
capacitor that has been programmed by blowing the asso 
ciated capacitor. Since the memory cells link a bit line and 
a word line in the memory, each cell can be described as 
being located at a cross point of the memory array. Pro 
gramming is conducted by altering the Voltages on a word 
line and a bit line to break the capacitor of the memory cell 
that links that particular word line and bit line. Diode 103 is 
necessary for isolating inactive word lines when a memory 
cell on a different word line is read. Note that although 
memory array 100 is illustrated as having multiple word 
lines and multiple bit lines, a memory array may only have 
a single word line. 
OTP memories can be used to program in any kind of 

information that distinguishes a single electronic device 
from other similar devices. For example, OTP memories are 
used to program electronic devices with information regard 
ing the particular device Such as a lot number or serial 
number of the device. OTP memories can also be used to 
enter codes into trimming circuits that counteract manufac 
turing variations that may have been introduced to a par 
ticular device. 

SUMMARY OF INVENTION 

In one embodiment, a memory cell is provided. The 
memory cell comprises a thin gate insulator. The memory 
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2 
cell also comprises a bulk region of a first conductivity type 
in contact with a first side of the thin gate insulator. The 
memory cell also comprises a polysilicon gate electrode of 
the first conductivity type in contact with a second side of 
the thin gate insulator. The memory cell also comprises a 
Source region of a second conductivity type in contact with 
the bulk region at a junction. The polysilicon gate electrode 
and the source region are operatively coupled to a program 
ming voltage source that addresses the memory cell by 
blowing the thin gate insulator. The junction forms a diode 
for the memory cell. 

In another embodiment, a memory cell is provided. The 
memory cell comprises a thin gate insulator. The memory 
cell also comprises a bulk region in an active layer of a 
semiconductor on insulator wafer. The bulk region contacts 
a first side of the thin gate insulator. The memory cell also 
comprises a gate electrode that contacts a second side of the 
thin gate insulator. The memory cell also comprises a source 
region in the active layer of the semiconductor on insulator 
wafer. The source region contacts the bulk region at a 
junction. The gate electrode and the Source region are 
operatively coupled to a programming Voltage source that 
addresses the memory cell by blowing the thin gate insula 
tor. The junction forms a diode for the memory cell. 

In another embodiment, an apparatus is provided. The 
apparatus comprises an active layer having a first region 
located between one side of a thin gate insulator and a buried 
insulator of a semiconductor on insulator wafer. The appa 
ratus also comprises a gate electrode in contact with a 
second side of the thin gate insulator. The apparatus also 
comprises a contact coupled to the active layer. The appa 
ratus also comprises a program control line that causes a 
programming Voltage to be applied to the gate electrode and 
the contact. The thin gate insulator breaks to form a current 
branch from the gate electrode through the first region to the 
contact when the programming Voltage is applied. The 
junction on the current branch forms a diode 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an anti-fuse memory cell located at the 
cross point of a nonvolatile memory that is in accordance 
with the related art. 

FIG. 2 illustrates a cross section and schematic overlay of 
a single transistor memory cell that is in accordance with 
embodiments of the present invention. 

FIG. 3 illustrates a single transistor memory cell plan 
view that is in accordance with embodiments of the present 
invention. 

FIG. 4 illustrates another cross section and schematic 
overlay of a single transistor memory cell that is in accor 
dance with embodiments of the present invention. 

FIG. 5 illustrates a cross section of a single transistor 
memory cell on a semiconductor on insulator wafer that is 
in accordance with embodiments of the present invention. 

FIG. 6 illustrates flow chart of a method of fabricating a 
single transistor memory cell that is in accordance with 
embodiments of the present invention. 

FIG. 7 illustrates a cross section of a single transistor 
memory cell having a silicide block layer that is in accor 
dance with embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Reference now will be made in detail to embodiments of 
the disclosed invention, one or more examples of which are 
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illustrated in the accompanying drawings. Each example is 
provided by way of explanation of the present technology, 
not as a limitation of the present technology. In fact, it will 
be apparent to those skilled in the art that modifications and 
variations can be made in the present technology without 
departing from the spirit and scope thereof. For instance, 
features illustrated or described as part of one embodiment 
may be used with another embodiment to yield a still further 
embodiment. Thus, it is intended that the present subject 
matter covers all Such modifications and variations within 
the scope of the appended claims and their equivalents. 
An anti-fuse memory cell can be formed using a single 

transistor. Semiconductor structure 200 in FIG. 2 illustrates 
diode 201 and capacitor 203 that can serve as capacitor 102 
and diode 103 in memory array 100 of FIG.1. The dielectric 
of capacitor 203 is thin gate insulator 204. Thin gate 
insulator 204 is in contact with bulk region 205 along a first 
side and gate electrode 206 along a second side. Thin gate 
insulator 204 can be silicon dioxide. Gate electrode 206 can 
be polysilicon. A source region 207 is in contact with bulk 
region 205. In specific approaches, source region 207 can be 
formed in the bulk region through a chemical diffusion or 
ion implantation step used to dope the bulk region. Contact 
208 provides an electrical contact to source region 207. 
Contact 209 provides an electrical contact to gate electrode 
206. Although the contacts are drawn as being in the plane 
of this cross section, they can be outside of the illustrated 
cross section Such that a signal would need to travel through 
the plane of the page to reach either contact. However, 
certain benefits accrue to approaches in which the contacts 
are provided in proximity to the plane defined by the cross 
section illustrated in FIG. 2 as described below with refer 
ence to the plan view in FIG. 3. 

Semiconductor structure 200 forms a memory cell using 
a single transistor. The memory cell can be located at a cross 
point in a memory array. For example, source contact 208 
can be connected to a bit line of the memory array, and gate 
contact 209 can be connected to a word line of a memory 
array. Depending upon the polarity of diode 201, the con 
nection of these contacts to the memory array may need to 
be reversed. Diode 201 prevents current from flowing 
through the memory cell when a second memory cell in the 
memory array is accessed. The memory cell can be pro 
grammed by applying a programming Voltage to gate elec 
trode 206 and source region 207 from a programming 
voltage source 210. 
The programming Voltage source can be provided via a 

system that is built on the same Substrate as the memory cell, 
or it can be provided from an external system. The Voltage 
can be provided from an external battery or other voltage 
Supply, and can be regulated by a linear or Switched power 
regulator. The programming Voltage needs to be sufficiently 
high to blow the thin gate insulator 204 to create a short from 
gate electrode 206 to bulk region 205. As such, the pro 
gramming Voltage may be higher than another standard 
voltage that is more widely used in the system to which the 
memory cell is a part. The programming Voltage source can 
include a charge pump to boost the standard Voltage up to a 
boosted level in order to generate the programming Voltage. 

The programming Voltage, Surface area of the gate insu 
lator, thickness of the gate insulator, and material used for 
the thin gate insulator can all be selected to maximize the 
reliability of the memory cell. The reliability of the memory 
cell is increased by assuring that the gate reliably blows 
when the programming Voltage is applied, does not blow 
until the programming Voltage is applied, and does not 
interfere with a reliable current flow from gate electrode 206 
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4 
to bulk region 205 after the device is programmed. In 
particular approaches, the gate insulator will be a layer of 
silicon dioxide that is less than 50 angstroms thick. In 
particular approaches, the programming Voltage will exceed 
10 volts. The gate insulator can also be silicon nitride, 
oxynitride, hafnium oxide, or other high-K dielectrics. 
The diode can be formed by a junction of Source region 

207 and bulk region 205. For example, source region 207 
could be a semiconductor doped with a first dopant causing 
it to have a first conductivity type, while bulk region 205 
could be a semiconductor doped with a second dopant 
causing it to have a second conductivity type. Source region 
207 could comprise heavily p-type doped silicon (P+) and 
bulk region 205 could comprise lightly n-type doped silicon 
(N-). In keeping with this example, gate electrode 206 could 
be n-type doped polysilicon. In this situation, the junction 
that will form the diode is the junction between source 
region 207 and bulk region 205. The resulting diode will be 
a P+/N- diode. The same result could be achieved if the 
conductivity types of each of the three regions was reversed 
such that the resulting diode was an N+/P- diode. In an 
alternative approach, the bulk region could be doped with a 
different conductivity type than the gate electrode. However, 
as described below with reference to FIG. 4, the resulting 
memory cell might not function as well under this approach. 
The source-bulk junction of a single transistor antifuse 

memory cell can be spaced apart from the gate insulator of 
the transistor. As shown in FIG. 2, the source-bulk junction 
in semiconductor structure 200 is outside the lateral scope of 
gate insulator 204 by a substantial margin. The fabrication of 
any device on the scale of microns requires delicate preci 
sion and is usually highly dependent on manufacturing line 
variations. When the fabrication process includes the pur 
poseful destruction of circuit elements, these manufacturing 
intolerances need to be managed with an even greater level 
of care. Breaking gate insulator 204 introduces the potential 
for damage to other regions of semiconductor structure 200. 
In particular, regions of the structure that are in close 
proximity to the gate are at risk of being damaged and not 
functioning as expected. Diode 201 is therefore spaced apart 
from the gate insulator to assure that it still functions as 
required once the gate insulator is destroyed. As diode 201 
is specifically meant for situations in which the gate has been 
destroyed, care should be taken to avoid the risk of it being 
damaged when the memory cell is programmed. 

While the gate and diode spacing can be increased to 
assure reliability of the memory cell, too much spacing is not 
desirable as it causes a commensurate decrease in the 
density of the memory cell. Therefore, it is beneficial to 
determine a minimum distance that will provide for a 
required degree of reliability, and to not exceed that mini 
mum distance when implementing the memory cell. The 
minimum distance of the junction from the gate insulator 
depends on the programming Voltage, the material used for 
the gate insulator, the material used for source region 207, 
and the material used for bulk region 205. However, in most 
applications, the junction will be protected from damage if 
it is spaced at least 0.3 microns from the thin gate oxide. In 
situations where the programming Voltage is less than 9 
Volts, the gate insulator is 40 angstroms thick silicon diox 
ide, and the bulk region is lightly doped silicon; the mini 
mum spacing should be at least 0.5 microns. 

FIG. 3 illustrates a plan view 300 of semiconductor 
structure 200. Plan view 300 illustrates diffusion region 301 
which is formed in a semiconductor substrate and will serve 
as a portion of the conductive path for the memory cell. Plan 
view 300 additionally shows gate electrode 302, source 
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contact 303, and gate contact 304. Depending upon which 
kind of junction will serve as the diode of the memory cell, 
additional masking steps may introduce dopants to alter the 
conductivity types of the various regions of material. As 
drawn, two additional masking steps introduce a dopant in 
region 306 to create a P+ doped source region and a second 
dopant in region 307 to create an N+ doped gate electrode. 
Note that these doping steps are not in keeping with tradi 
tional self-aligned transistor processing due to the fact that 
the illustrated structure has a source region that is spaced 
apart from the gate in order to protect the diode formed by 
the source-drain junction. However, in situations where the 
junction is not spaced apart, the Source doping can be 
conducted using a traditional self-aligned process. 
The small footprint of the memory cell illustrated by plan 

view 300 allows for a dense memory array. As mentioned 
previously, placing source contact 303 and gate contact 304 
in line with the middle of the diffusion region 301 benefi 
cially minimizes the density of the memory cell, as the main 
component of the y-axis spacing for the resulting layout is 
set by the minimum spacing requirements of the associated 
material regions. The main component of the X-axis spacing 
of plan view 300 is set by the minimum requirements for a 
reliable gate insulator, and the protective spacing set 
between the source-bulk junction 305 and the gate insulator. 
In situations where the junction is not spaced apart, the cell 
reduces to nearly half the size of the minimum size transistor 
that a process allows for. The reason the cell reduces to half 
the size of the minimum transistor is that diffusion 301 does 
not have to provide for a drain region. As a result, diffusion 
region 301 is physically remote from all regions of the 
substrate that have the same conductivity as region 306, 
besides region 306 itself. 

Since the transistor of the memory cell is not meant to 
conduct current between a source and drain, the entire drain 
region is Superfluous, and does not need to be included. This 
is particularly illustrated in FIG. 3, in which diffusion region 
301 is not in contact with a drain region. Indeed, plan view 
300 does not include a drain region to the right of gate 
electrode 302, not because it was omitted, but because there 
is no drain region in the device. In this sense, the Source 
region of the transistor is referred to as a source because it 
is located where the source region of a regular transistor 
would usually be, and not because of how that region of the 
device behaves. Depending upon the relative conductivity of 
the bulk and Source regions, and the configuration of the 
memory array, electrons could flow into or out of contact 
303 such that the source region can behave as either a 
"drain' or a “source' as those terms are used in reference to 
the operational characteristics of a transistor in a circuit 
schematic. In other words, the term is used here to refer to 
the usual physical configuration of a transistor Source in the 
abstract, and is not meant to describe the operation of the 
device from a schematic perspective. 
The minimum spacing of the diode and gate insulator 

affects the performance of the memory cell in another 
manner that has not yet been described. Breaking gate 
insulator 204 does not, by itself, create a clean conductive 
path from gate electrode 206 to source region 207. In a 
standard configuration, the top surface of bulk region 205 
needs to be inverted under gate 204 in order to form a 
channel through which charge carriers can traverse the bulk 
region between the source and drain. This is because a 
standard transistor comprises two junctions—one between 
the source and bulk, and one between the drain and bulk. In 
situations in which bulk region 205 is a semiconductor 
material having a first conductivity type, and gate electrode 
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6 
206 has a second conductivity type, or is a metal or metal 
silicide, blowing the gate insulator will create a junction in 
the bulk region located in close proximity to the damaged 
portion of the gate insulator. This junction could effectively 
act as a drain-bulk junction and inhibit the flow of charge 
carriers between the Source region and gate electrode. The 
characteristics of this junction are difficult to characterize 
because gate insulator 204 is not damaged in a consistent 
and repeatable manner. However, it suffices to note that the 
conductive path from the source region to the gate electrode 
in these situations is somewhat unreliable and increasing the 
length of the “channel between the source to bulk junction 
and the effective “drain' to bulk junction can enhance this 
unpredictability. Therefore, if certain materials are used for 
the gate electrode and bulk region, increasing the spacing of 
the diode and gate insulator can decrease the reliability of 
the memory cell. This is problematic given that increasing 
the spacing of the diode junction and gate insulator 
increased the reliability of the memory cell through the 
alternative affect described above regarding the potential 
for damage to the diode when the gate is blown. 

Semiconductor structure 400 in FIG. 4 is similar to 
semiconductor structure 200 in FIG. 2 except that bulk 
region 401 and gate electrode 402 are semiconductor mate 
rials that have the same conductivity type. For example, bulk 
region 401 could be lightly doped n-type material and gate 
electrode 402 could be heavily doped n-type material. When 
gate electrode 204 is blown, a conductive path will be 
formed all the way from gate contact 209 to the P+/N- 
Source-bulk junction. Since the conductivity of the gate 
electrode and bulk region are the same, there are no energy 
barriers formed along this conductive path. The same result 
could be achieved if the conductivity types of each of the 
three regions were reversed such that the resulting diode was 
a N+/P- diode. In either case, when gate insulator 204 is 
blown, conductive path 403 through gate insulator 204 
forms part of a more reliable conductive path from gate 
electrode 402 all the way to source region 207. Therefore, 
this approach effectively decouples the spacing of the junc 
tion from the reliability of the conductive programmed— 
state of the memory cell, and the junction spacing can be set 
with only the density of the memory cell and protection of 
the diode taken into consideration. 

Another way in which the density of the memory cell can 
be increased is by implementing the cell on a semiconductor 
on insulator (SOI) wafer. FIG. 5 displays semiconductor 
structure 500 which includes a portion of an SOI wafer 501 
having an active layer 502, a buried insulator layer 503, and 
a substrate layer 504. The source and bulk regions of the 
memory cell are formed in active layer 502. The particular 
implementation of the memory cell on an SOI wafer pro 
vides a significant benefit in that the source and bulk regions 
do not need to be placed in well regions on the device. In a 
conventional bulk semiconductor, a well region could be 
required to form the source and bulk regions. Wells intro 
duce additional spacing requirements in semiconductor pro 
cess rules. As a result, plan view 300 would include either 
a well surrounding the entire layout, or at least half of the 
device. In either situation, the overall area consumption of 
the device would increase, and, furthermore, the footprint of 
the memory cell might be altered such that it could not be 
placed in an array in as efficient a manner as is allowed by 
the uniform rectangle illustrated by plan view 300. 

Depending upon the materials selected for the gate elec 
trode, bulk region, and source region, a number of different 
diodes can be formed to serve as the diode for the memory 
cell once the cell has been programmed. A few examples 
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have already been provided. The diode can be a P/N diode 
of any combination of strongly doped or weakly doped 
material that is formed at the source-bulk junction. The 
diode can also be a P/N diode of any combination of strongly 
doped or weakly doped material that is formed at the 5 
gate-bulk junction. In addition, the diode can also be a 
Shottky metal/N or metal/P diode where the semiconductor 
can be strongly doped or weakly doped material formed at 
the gate-bulk junction. The metal can be a pure elemental 
metal or a metal alloy, Such as a silicide. In approaches 10 
where the diode is formed by a gate-bulk junction, and the 
memory cell is formed on an SOI device, the source region 
may not be necessary at all, and access to the bulk region 
may be provided by a direct metal contact through a silicided 
surface of the bulk region. A combined SOI device, gate- 15 
bulk junction, and Shottky approach would exhibit the 
benefit of not requiring any dopant masking patterns for the 
memory cell. 

In a specific approach, the gate electrode can be undoped 
silicided polysilicon on a bulk region of weakly doped 20 
n-type or p-type material Such that the resulting diode is a 
Schottky silicide/N- or silicide/P-diode. Referring back to 
FIG. 3, this specific approach has the potential to exhibit a 
high density because the portion of gate electrode 302 that 
extends to the left of the second dopant region 307 could be 25 
eliminated. The reason this portion can be eliminated is 
described below with reference to FIG. 7. As an added 
benefit to this approach, processing steps are simplified 
because there is no need to control for alignment of the mask 
used to dope region 306 and the separate mask used to dope 30 
region 307. 
A method 600 for producing a high density single tran 

sistor antifuse memory cell is illustrated in FIG. 6. Method 
600 can begin with step 601 in which a source region of the 
memory cell is formed in a bulk region on a semiconductor 35 
substrate. The bulk region can be in a well formed on a 
substrate, can be part of the substrate itself, can be formed 
in the substrate, or can be formed in the active layer of an 
SOI substrate. Method 600 could alternatively being with 
step 602 in which the gate of a transistor is formed. The gate 40 
will include a thin gate oxide and a gate electrode. The gate 
electrode may be polysilicon. The gate can be formed 
through a patterned etch to create a raised plateau of 
conductive material above an insulator. The bulk region can 
comprise material of a first conductivity type such as N- 45 
semiconductor material. The Source region can comprise 
material of a second conductivity type such as P+ semicon 
ductor material. The reason the two steps are interchange 
able is that the source may be formed after the gate has been 
formed or before. In either case, the source can be formed 50 
using a doping process that uses its own mask to define the 
Source region doping. However, in situations where the gate 
is formed first, the source can also be formed using the gate 
structure as a mask for the source implant. In that case, steps 
601 and 602 might also include the formation of a spacer on 55 
the side of the gate to assure that the source-bulk junction is 
spaced apart from the gate insulator. 
Method 600 can proceed with the optional formation of a 

masking layer in step 603. The masking layer can be a 
silicide block layer. The masking layer can cover a portion 60 
of the gate electrode on the side facing the source region. 
The masking layer can cover the source-bulk junction and 
can also provide a continuous cover for the memory cell 
from the source-bulk junction, up the side of the gate 
plateau, and over the covered portion of the gate electrode. 65 
The masking layer can be formed through a blanket depo 
sition followed by an etch to expose a separate portion of the 
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gate and Source region. The etch of the silicide block may be 
conducted in two parts with the first step exposing the 
portion of the gate electrode that is not covered in a final 
structure in step 603, and a second step exposing the Source 
region after step 604. 
Method 600 can proceed with the optional doping of the 

gate electrode in step 604. In specific approaches described 
above, the gate electrode is doped to match the conductivity 
of the bulk region, or is doped to form a particularized 
junction with the bulk region. This step can be conducted in 
combination with the creation of a silicide block layer in step 
603. In addition, in situations in which the source region is 
also doped, this step can be conducted in accordance with 
processing requirements for the alignment of separate dop 
antS. 

Method 600 proceeds with step 605 in which contacts are 
formed to the source region and gate region of the memory 
cell. In specific approaches, the contact will be formed 
through exposure of the Surface of the gate electrode and 
Source region and the introduction of a silicide step using the 
silicide block layer formed in step 603. In other approaches, 
a masking layer can be used to introduce silicide to the 
Surface of the gate electrode and the source region. In 
devices in which a separate source region is not formed, the 
same mask or silicide block layer can be used to introduce 
silicide to the surface of the active region. The silicidation of 
the semiconductor regions can be accompanied by the 
formation of Vias that can be contacted to metallization 
layers for the routing of sensing and programming circuitry. 
In particular, the contacts can be operatively coupled to a 
programming Voltage source for blowing the gate insulator 
of the memory cell to program the cell. 

FIG. 7 illustrates semiconductor structure 700 that 
includes the masking layer 701 formed in step 603. Masking 
layer 701 covers a region of undoped polysilicon 702 in the 
gate electrode. Masking layer 701 likewise covers, and is in 
contact with, the junction between source region 207 and 
bulk region 401. Masking layer 701 serves to prevent the 
dopant used for the gate electrode from entering the bulk 
region or affecting the diode junction. As such, it is put in 
place before the gate electrode is doped, which is why 
undoped polysilicon region 702 is distinguishable from the 
remainder of the gate electrode. Masking layer 701 also 
serves as a silicide block for when the source region and gate 
electrode are exposed to a silicidation process for forming 
their respective contacts. As mentioned previously, in situ 
ations where the gate electrode is not doped, second doping 
region 307 does not exist, the commensurate risk of intro 
ducing unwanted dopants to the bulk region does not exist 
either, and the buffer between the lateral extent of gate 
electrode 302 and second doping region 307 can be elimi 
nated to further increase the density of the memory cell. 

Although some embodiments in the above disclosure 
were directed to situations in which the gate electrode of the 
device overlies a region that was referred to as the bulk 
region, this term is not meant to exclude well regions formed 
in a substrate as the term bulk region is meant to encompass 
its broadest meaning as used by those of ordinary skill in the 
art. Furthermore, although the memory cell was referred to 
as being in a memory array, a memory array can include a 
single dimension, and the memory cells disclosed herein can 
be used in isolation to store a single bit of information. 
Furthermore, the approaches discussed above can be used 
anywhere nonvolatile device with a programmed and unpro 
grammed State are required, and are not limited to memories. 
Furthermore, although silicon was used as the exemplary 
semiconductor material in many of the examples provided 
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above, and semiconductor material could be used in its place 
including compound semiconductors such as gallium 
arsenide, aluminum nitride, and indium phosphide. 

While the specification has been described in detail with 
respect to specific embodiments of the invention, it will be 
appreciated that those skilled in the art, upon attaining an 
understanding of the foregoing, may readily conceive of 
alterations to, variations of, and equivalents to these embodi 
ments. These and other modifications and variations to the 
present invention may be practiced by those skilled in the 
art, without departing from the spirit and Scope of the 
present invention, which is more particularly set forth in the 
appended claims. 

What is claimed is: 
1. A memory cell comprising: 
a thin gate insulator, 
a bulk region of a first conductivity type in contact with 

a first side of the thin gate insulator; 
a polysilicon gate electrode of the first conductivity type 

in contact with a second side of the thin gate insulator; 
and 

a source region of a second conductivity type in contact 
with the bulk region at a junction, wherein the second 
conductivity type is different from the first conductivity 
type, further wherein the junction forms a diode for the 
memory cell and the junction is laterally spaced from 
the thin gate insulator and does not directly underlie the 
thin gate insulator, 

wherein the bulk region is in an active layer of a semi 
conductor-on-insulator structure comprising a buried 
insulator and a Substrate layer, and 

wherein the thin gate insulator is blown upon application 
of a programming Voltage addressed to the memory cell 
across the polysilicon gate electrode and the Source 
region. 

2. The memory cell of claim 1, wherein: 
the thin gate insulator is less than 50 angstroms thick; 
the programming Voltage to blow the thin gate insulator 

exceeds 10 volts; and 
the Source region is located in the active layer of the 

semiconductor-on-insulator structure. 
3. The memory cell of claim 1, wherein: 
the junction is at least 0.3 microns from the thin gate 

insulator. 
4. The memory cell of claim 1, further comprising: 
a layer of polysilicon comprising the polysilicon gate 

electrode of the first conductivity type and a region of 
undoped polysilicon; 

wherein the region of undoped polysilicon is in contact 
with the second side of the thin gate insulator and a 
masking layer, and 

wherein the junction is also in contact with the masking 
layer. 

5. The memory cell of claim 1, wherein: 
the bulk region is physically remote from every region of 

the second conductivity type in the semiconductor-on 
insulator structure besides the source region. 

6. The memory cell of claim 1, wherein the junction is 
laterally spaced from the thin gate insulator by at least 0.3 
micrometers. 

7. The memory cell of claim 1, wherein the junction is 
laterally spaced from the thin gate insulator by at least 0.5 
micrometers. 
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8. A memory cell comprising: 
a thin gate insulator; 
a bulk region in an active layer of a semiconductor on 

insulator wafer, wherein the bulk region is of a first 
conductivity type and contacts a first side of the thin 
gate insulator; 

a gate electrode that contacts a second side of the thin gate 
insulator; and 

a source region of a second conductivity type in the active 
layer of the semiconductor on insulator wafer, wherein 
the source region contacts the bulk region at a junction, 
wherein the junction forms a diode for the memory cell 
and the junction is laterally spaced from the thin gate 
insulator and does not directly underlie the thin gate 
insulator; and 

wherein the gate electrode and the source region are 
operatively coupled to a programming Voltage source 
that addresses the memory cell by blowing the thin gate 
insulator. 

9. The memory cell of claim 8, wherein: 
the thin gate insulator is less than 50 angstroms thick; and 
the programming Voltage source provides a programming 

Voltage in excess of 10 volts to the polysilicon gate 
electrode and the source region. 

10. The memory cell of claim 8, wherein: 
the junction is at least 0.3 microns from the thin gate 

insulator. 
11. The memory cell of claim 8, wherein: 
the bulk region is not in contact with a drain region. 
12. The memory cell of claim 8, wherein: 
the bulk region has a first conductivity type; 
the gate electrode is polysilicon of the first conductivity 

type; and 
the source region has a second conductivity type. 
13. The memory cell of claim 8, further comprising: 
a layer of polysilicon comprising the gate electrode of the 

first conductivity type and a region of undoped poly 
silicon; 

wherein the region of undoped polysilicon is in contact 
with the second side of the thin gate insulator and a 
masking layer; and 

wherein the junction is also in contact with the masking 
layer. 

14. An apparatus comprising: 
an active layer having a first region located between one 

side of a thin gate insulator and a buried insulator of a 
semiconductor on insulator wafer; 

a gate electrode in contact with a second side of the thin 
gate insulator; 

a contact coupled to the active layer, 
a program control line that causes a programming Voltage 

to be applied across the gate electrode and the contact; 
wherein the thin gate insulator breaks to form a current 

branch from the gate electrode through the first region 
to the contact when the programming voltage is 
applied; and 

wherein a junction on the current branch forms a diode, 
and the junction is laterally spaced from the thin gate 
insulator and does not directly underlie the thin gate 
insulator; 

the apparatus further comprising: a second region of the 
active layer having an opposite conductivity type to the 
first region; wherein the junction is defined by a com 
mon Surface shared by the first region and the second 
region, and wherein the gate electrode comprises poly 
silicon that is doped to have the same conductivity type 
as the first region. 
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15. The apparatus of claim 14, wherein: 
the gate electrode is undoped silicided polysilicon; and 
the diode is a schottky diode. 
16. The apparatus of claim 14, wherein: 
the thin gate insulator is less than 40 angstroms thick and 5 

comprises silicon dioxide; 
the programming Voltage is greater than 9 volts; and 
the junction is at least 0.5 microns from the thin gate 

insulator. 
17. The apparatus of claim 14, wherein the gate electrode 10 

further comprises a region of undoped polysilicon; and 
the region of undoped polysilicon is covered by a masking 

layer. 
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